We present an x-ray magnetic circular dichroism ͑XMCD͒ study performed at both the Co K edge and the Lu L 2,3 edges on ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 systems. The XMCD spectra reflect the different magnetic character of these systems, allowing us to monitor the transition from weak to strong ferromagnetism. The XMCD at the Lu L 2,3 edges indicates the existence of an ordered 5d moment at the lutetium sites that is coupled antiparallel to the Co moment. Estimates of the magnetic moment of Lu have been obtained by applying the XMCD sum rules. Our results show that there is a correlation between the Lu 5d-induced magnetic moment and the magnetic character of the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 compounds. These results suggest that the developing of the Lu moment plays an important role in reinforcing the magnetic interactions and favoring the ferromagnetic character of the Lu-rich compounds.
I. INTRODUCTION
The intermetallic RCo 2 compounds ͑R stands for rareearth elements͒ are particularly interesting to study the magnetism of 3d and 4f metals as the Co moment strongly depends upon the R alloying component. 1, 2 These intermetallic compounds are characterized by the occurrence of a metamagnetic transition in the Co 3d itinerant subsystem and by the dependence of the Co magnetic moment on the R alloying component. For compounds in which R is nonmagnetic ͑YCo 2 , LuCo 2 ͒ the Co susceptibility is of the Pauli type, while in the case of compounds with magnetic R metals, a Co moment ϳ1 B is induced. The magnetic order of the d subsystem in the RCo 2 compounds with magnetic R is due to the effect of the molecular field acting on the Co sites ͑H fd ͒.
Another peculiarity of this family comes from the fact that substitution of Co by a nonmagnetic atom as Al induces ferromagnetic order. YCo 2 is a typical exchange-enhanced Pauli paramagnet and the occurrence of a ferromagnetic state takes place upon applying a critical field B c =69 T at T =10 K. 1, 3 The critical field of the metamagnetic transition, B c , decreases in the Y͑Co 1−x Al x ͒ 2 series as Co is replaced by nonmagnetic Al. Weak ferromagnetism occurs for 0.12Ͻ x Ͻ 0.20 compounds, the spontaneous Co magnetic moment being Co ϳ 0.1 B . Within this series both the maximum spontaneous moment ϳ0.14 B / Co and the maximum Curie temperature T C ϳ 25 K correspond to the x Ӎ 0.15 compound. 4, 5 Moreover, these systems exhibit transitions from weak ͑WFM; Co ϳ 0.1 B ͒ to strong ferromagnetism ͑SFM; Co ϳ 0.6 B ͒ under high magnetic fields. [6] [7] [8] [9] This behavior has been attributed to the modification of the 3d density of states ͑DOS͒ whose shape near the Fermi level E F is rather peculiar. 10, 11 In this way, different hypotheses have been formulated to account for the impact of Al on the magnetic properties of YCo 2 . On the one hand, several authors argue that the increase of the lattice parameter due to Al leads to both a narrowing of the bandwidth and an increase of the density of states at the Fermi level, N͑E F ͒. 4 By contrast, it has also been postulated that the increase of N͑E F ͒ comes from a decrease in the density of 3d electrons produced by the substitution of Co ͑3d 7 configuration͒ by Al͑3d 0 ͒. 12 However, neither of the above interpretations takes into account the change of the DOS near E F due to Al substitution. Theoretical band calculations suggest that the strong hybridization between the Co͑3d͒ and Al͑3p͒ bands modifies the shape of the characteristic peak of the YCo 2 DOS in such a way that upon increasing Al content N͑E F ͒ increases and weak ferromagnetism is favored. 13, 14 Additional support to this hypothesis is given by x-ray photoelectron spectroscopy measurements, 15 suggesting the lowering of E F with Al substitution, and by the modification of the magnetic behavior of YCo 2 upon doping with Fe and Ni. 16 More recently, band calculations reported by Khmelevskyi et al. have shown that the increase of the DOS at the Fermi energy in the Y͑Co 1−x Al x ͒ 2 system is a direct consequence of the smoothing of the DOS peaks due to the substitution of Co by Al. 17 Research was extended to the case of Lu͑Co 1−x Al x ͒ 2 in which Lu, like yttrium, bears no 4f magnetic moment, 12, 18, 19 and ͑Y 1−y Lu y ͒͑Co 0.88 Al 0.12 ͒ 2 , in which the crystal cell parameter is kept constant and similar to that of YCo 2 .
12,18 These studies reveal that the influence of Al on the magnetic properties of Y and Lu compounds is rather different. Indeed, the Lu͑Co 1−x Al x ͒ 2 compounds show SFM behavior for the same concentration at which the Y͑Co 1−x Al x ͒ 2 compounds become WFMs. 12, 18, 20 Moreover, by contrast to the Y case, the Lu͑Co 1−x Al x ͒ 2 systems exhibit a sharp metamagnetic transition without showing a remarkable change in magnitude of the field-induced moment. 19, 21 In the case of the ͑Y 1−y Lu y ͒͑Co 0.88 Al 0.12 ͒ 2 compounds it was found that the magnetic ground state changes from WFM ͑in Y-rich compounds͒ to SFM ͑in Lu-rich compounds͒ within a narrow concentration range in the vicinity of y = 0.4. 22 Moreover, no metamagnetic transitions are observed for the Lu-rich compounds. 19 This behavior cannot be explained in terms of a rigid band model and it has been qualitatively interpreted in terms of the different hybridization between Co͑3d͒ and Y͑4d͒ and Co͑3d͒ and Lu͑5d͒. 19, 21, 23 Aiming to furnish direct information about the modification of the electronic structure induced by Al in both Y and Lu compounds, we have performed a combined x-ray absorption spectroscopy ͑XAS͒ and x-ray magnetic circular dichroism ͑XMCD͒ study of the Y͑Co 1−x Al x ͒ 2 , Lu͑Co 1−x Al x ͒ 2 , and ͑Y y Lu 1−y ͒͑Co 0.88 Al 0.12 ͒ 2 series. In this way, both the Co K edge and the Lu L 2,3 edge XAS and XMCD have been measured through the paramagnetic-WFM-SFM transitions in the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 series. In addition, XMCD sum rules 24, 25 have been applied to the Lu L 2,3 edge spectra to determine the existence of a magnetic moment at the Lu sites and its relationship with the different, WFM vs SFM, magnetic behavior of the Y-and Lu-based compounds.
II. EXPERIMENT
Y͑Co 1−x Al x ͒ 2 ͑x = 0.06, 0.10, 0.11, 0.13, 0.15, and 0.20͒, Lu͑Co 0.9 Al 0.1 ͒ 2 , and ͑Y 1−y Lu y ͒͑Co 0.88 Al 0.12 ͒ 2 ͑y = 0.2, 0.4, and 0.6͒ samples were prepared by arc-melting the pure elements under Ar protective atmosphere following standard procedures. 4, 12, 18 The ingots were annealed at 850°C for one week. Structural characterization was performed at room temperature by means of powder x-ray diffraction by using a rotating-anode Rigaku diffractometer in the Bragg-Brentano geometry, with Cu K␣ radiation. The diffraction patterns, analyzed by using the FULLPROF code, 26 showed that all the samples are single phase, corresponding to the MgCu 2 -type ͑C15͒ Laves structure ͑Fd3m space group͒. Magnetization measurements were performed on loose powders by using both commercial ͑Quantum Design͒ superconducting quantum interference device-MPMS5 and physical property measurement system magnetometers in magnetic fields up to 5 and 9 T, respectively. In all the cases, samples were zerofield cooled down to 4.2 K and the magnetization vs temperature curves were recorded on heating.
XMCD experiments were performed at the beamline BL39XU of the SPring8 Facility. 27 Undulator radiation, linearly polarized in the orbit plane, was monochromatized by a Si͑111͒ fixed-exit double-crystal monochromator and higher harmonics rejected by a Pt-coated mirror. Circularly polarized x rays were generated using a 0.73-mm-thick diamond x-ray phase plate. 28 The degree of circular polarization is more than 90% in the energy range of our interest. XMCD spectra were recorded in the transmission mode at both Co K edge and Lu L 2,3 edges using the helicity-modulation technique. 29 Therefore, the sample is magnetized by an external magnetic field, applied in the direction of the incident beam, and the helicity is changed from positive to negative at each energy point. Consequently, XMCD spectra are obtained without reversing the applied magnetic field. The XMCD spectrum corresponds to the spin-dependent absorption coefficient obtained as the difference of the absorption coefficient c = ͑ − − + ͒ for antiparallel, − , and parallel, + , orientation of the photon helicity and the magnetic field applied to the sample. For the sake of accuracy the direction of the applied magnetic field is reversed and the XMCD, now c = ͑ + − − ͒, is recorded again by switching the helicity. The subtraction of the XMCD spectra recorded for both field orientations cancels, if present, any spurious signal.
For the measurements, homogeneous layers of the powdered samples were made by spreading fine powders of the material on an adhesive tape. The thickness and homogeneity of the samples were optimized to obtain the best signal-tonoise ratio. The XMCD spectra were recorded at T = 5 K, the maximum applied magnetic field being H = 10 T. The absorption spectra were analyzed according to standard procedures. 30, 31 The origin of the energy scale, E 0 , was defined as the inflection point of the absorption edge. The spectra were normalized to the averaged absorption coefficient at high energy, 0 , in order to eliminate the dependence of the absorption on the sample thickness.
III. RESULTS AND DISCUSSION

A. Macroscopic magnetic measurements
The temperature dependence of the magnetization of the Y͑Co 1−x Al x ͒ 2 , Lu͑Co 0.9 Al 0.1 ͒ 2 and ͑Y 1−y Lu y ͒͑Co 0.88 Al 0.12 ͒ 2 compounds is shown in Fig. 1 . In the case of Y͑Co 1−x Al x ͒ 2 magnetic ordering transitions are clearly observed for compounds with x Ն 0.13, while for compounds with Al concentrations below x Յ 0.11 no magnetic order is found. Magnetization vs applied magnetic field curves, M͑H͒, and Arrot plots, M 2 vs H / M, indicate that ferromagnetism is stabilized only for x Ն 0.13. In agreement with previous works, the Co magnetic moment, derived from the value of the magnetization at H = 5 T, reaches its maximum value for x = 0.15 and it progressively decreases upon further Al substitution ͑see Table I͒. In the case of Lu͑Co 1−x Al x ͒ 2 the critical Al concentration for the onset of ferromagnetism has been previously reported to be within the range 0.06 Յ x Յ 0.1. 6, 20 However, recent studies have shown that the onset of ferromagnetism strongly depends on annealing due to the coexistence of paramagnetic and ferromagnetic states of Co atoms for x Շ 0.08.
19,32 Therefore, we have focused our study on the x = 0.1 compound for which the maximum Co within this series occurs. 18 In this case, the M͑H͒ curve shows a magnetic state approaching saturation, the magnetization per Co atom being 0.6 B at H = 5 T. Finally, ͑Y 1−y Lu y ͒͑Co 0.88 Al 0.12 ͒ 2 compounds with y = 0.2, 0.4, and 0.6 exhibit ferromagnetic behavior. While T C increases linearly with the Lu content, a different behavior is found regarding the Co values. 12, 18 For low Lu content ͑y = 0.2͒ the system exhibits all the hallmarks of a WFM. The magnetization per Co atom, Co , increases linearly with the applied magnetic field, being ϳ0.3 B at 5 T. By contrast the richest Lu compound ͑y = 0.6͒ shows a saturated magnetic state with Co ϳ 0.6 B . In the case of the intermediate content, y = 0.4, the system evolves under the action of an applied magnetic field from WFM to SFM behavior. 2 The complex magnetic behavior induced by the Al substitution in the three classes of compounds is usually discussed in terms of the electronic modification of the systems. Inspection of the cell parameters of the ͑Y 1−y Lu y ͒͑Co 1−x Al x ͒ 2 compounds, summarized in Table I , indicates that the effect of Al substitution is not simply linked to the narrowing of the DOS. Indeed, while magnetic WFM and SFM ordering is stabilized as the cell parameter increases in Y͑Co 1−x Al x ͒ 2 and Lu͑Co 1−x Al x ͒ 2 , respectively, the opposite occurs for the ͑Y 1−y Lu y ͒͑Co 0.88 Al 0.12 ͒ 2 series. Consequently, the complexity of this magnetic behavior cannot be simply attributed to the increase of the DOS at the Fermi level due to the narrowing of the density of states. On the contrary, it suggests that there is an interplay between this structural effect and the Al-induced modification of the DOS through the Co-Al hybridization.
This scenario poses the need for obtaining further knowledge of this interplay. X-ray absorption spectroscopy suits this purpose well as it is a simple and sensitive probe of the local unoccupied states, of a given symmetry, around the selected absorbing atomic species. 33 Consequently, we have extended our study to the analysis of the XAS and XMCD spectra at the Co K edge and Lu L 2,3 edges in the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 systems.
B. Co K edge XAS and XMCD
The near-edge region of the absorption spectrum is extremely sensitive to the modification of the DOS, while the high-energy region of the spectrum is related to the local structure around the absorbing atom. In order to discern the origin, structural vs electronic, of the differences in the absorption spectra it is instructive to compare the XAS spectra recorded at different applied fields on the same compound. In this way, Fig. 2 reports the comparison between the Co K edge spectra recorded at H = 5 and 10 T in the case of Y͑Co 0.85 Al 0.15 ͒ 2 . As the crystal structure is retained, the difference between both absorption spectra shows the energy region that is mainly affected by the modification of the DOS. As shown in Fig. 2 these differences lie in the first 15 eV of the spectrum, i.e., at the raising edge region. For the sake of completeness, we have compared this difference to the XMCD spectra recorded at the same applied fields. As shown in the figure, the main features of the XMCD spectra lie at the same region as above where, in addition, the maximum modification of their intensity as a function of the applied magnetic field is found. Consequently, it is possible to address that differences in this energy region reflect the different magnetic states of the systems, as determined from a different DOS, while those in the high-energy region are related to structural effects.
Once we have determined the energy range of the absorption spectrum in which electronic effects are expected to dominate over structural ones, we have focused our study to monitor the proposed change of the Co magnetic ground state from weak ͑WFM͒ to strong ͑SFM͒ in the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 compounds as a function of the Y, Lu, and Al concentration. To this end, we have compared the normalized Co K edge XMCD spectra of Y͑Co 0.85 Al 0.15 ͒ 2 and hcp cobalt. As shown in Fig. 2 the magnitude of the XMCD signals suggests that the magnetic ground state of Co is different in both systems. Indeed, while Co in hcp cobalt is ϳ1.7 B , it is only ϳ0.2 B in Y͑Co 0.85 Al 0.15 ͒ 2 . It should be noted that the spectrum in the Y compound has been recorded at 5 K and under the application of a 10 T magnetic field, while the reference was measured at room temperature and by applying a magnetic field of 1 T. The XMCD spectral shape is markedly different in both cases. Hcp Co shows a main broad negative peak extending over the first 17 eV with a shoulderlike feature at E = 0 eV that coincides with the inflection point of the XAS spectrum. By contrast, the XMCD of the Y-based compounds exhibits two well-resolved negative peaks ͑A 1 and A 2 ͒ in the same energy region.
In a first approach, one can expect that the shape of the Co K edge XMCD spectrum evolves from that of Y͑Co 0.85 Al 0.15 ͒ 2 to that of hcp cobalt, as the magnetic ground state of Co changes from weak ͑Y rich͒ to strong ferromagnetism character ͑Lu rich͒ throughout the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 series. Indeed, such a class of modification has been previously reported in the case of Fe-P amorphous alloys. 34 As the P concentration increases the system changes from WFM to SFM character and the shape of the Fe K edge XMCD evolves from that of bcc Fe to resemble that of hcp Co. However, this is not the case here. Figure 3 shows shown in the figure, the shape of the XMCD signals is the same for both Y-rich and Lu-rich compounds, i.e., for compounds showing WFM and SFM magnetic behavior, respectively. Moreover, in all the cases the XMCD spectrum is clearly different from that of hcp cobalt. Therefore, it is concluded that the particular shape of the XMCD spectra is mainly determined by the details of the DOS and not by the magnetic character of the Co atoms. Indeed, although all the signals show similar XMCD shape, their intensities clearly reflect the different magnetic ͑WFM vs SFM͒ regime. The Y-rich compounds show a small XMCD signal whose intensity grows linearly as the magnetic field is increased. This behavior reflects its weak itinerant ferromagnetic nature. By contrast, the XMCD of the richest Lu compound, ͑Y 0.4 Lu 0.6 ͒͑Co 0.88 Al 0.12 ͒ 2 , ͑i͒ is significantly greater than for the Y-rich compounds, and ͑ii͒ its magnitude remains nearly constant when varying the applied magnetic field. This is shown in Fig. 3 where the dependence of the intensity of the characteristic XMCD spectral features, A 1 and A 2 , is plotted as a function of the magnetic field. The behavior of Y͑Co 0.85 Al 0.15 ͒ 2 can be assigned as corresponding to a weak itinerant ferromagnet while that of ͑Y 0.4 Lu 0.6 ͒͑Co 0.88 Al 0.12 ͒ 2 corresponds to a SFM material. By contrast, the behavior of ͑Y 0.8 Lu 0.2 ͒͑Co 0.88 Al 0.12 ͒ 2 shows the hallmarks of a WFM-SFM transition. Indeed, at low applied fields its XMCD intensity matches that of the WFM Y͑Co 0.85 Al 0.15 ͒ 2 , while for H Ͼ 3 T it departs from the WFM behavior, approaching the SFM one. This is clearly observed when the normalized XMCD intensities are compared to the macroscopic magnetization data. As shown in Fig. 4 , both XMCD and M͑H͒ data perfectly scale for applied fields H Ն 3 T. In the case of ͑Y 0.4 Lu 0.6 ͒͑Co 0.88 Al 0.12 ͒ 2 the values of the XMCD intensity obtained for low applied fields H = 1 and 2 T are below the magnetization curve. We think this is related to the different signal-to-noise ratio that improves as the applied magnetic field, and consequently the XMCD intensity, increases. Indeed, the dependence of the XMCD intensity of both A 1 and A 2 features is different for these two points ͑see lower panels in Fig. 3͒ . For the sake of completeness we have also included the data for the Lu͑Co 0.9 Al 0.1 ͒ 2 compound although its XMCD has been recorded only at H =10 T. The values of Co derived from the magnetization data at 9 T are 0. 
C. Lu L 2,3 edge XMCD
The XMCD results evidence that there is no direct relationship between the different behavior of Co and the cell parameters in both WFM and SFM compounds. The occurrence of the SFM state seems to be favored by increasing Lu concentration. This behavior has been tentatively attributed to the different hybridization between Co͑3d͒ and Y͑4d͒ and Co͑3d͒ and Lu͑5d͒. 19, [21] [22] [23] Moreover, it has also been suggested that the Co͑3d͒-Al͑p͒ hybridization modifies the shape of the characteristic peak of the YCo 2 DOS in such a way that upon increasing Al content N͑E F ͒ increases and weak ferromagnetism is favored. 13, 14 However, even though the near-edge region is extremely sensitive to the modification of the DOS, no significant difference of either the XAS or XMCD signal is found at the Co K edge throughout the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 series.
Trying to get a deeper insight into the origin of this puzzle, we have explored the possibility of this magnetic behavior being due to the development of a magnetic moment at the Lu sites. With this aim we have extended our study to the case of the Lu L 2,3 absorption edges. It should be noted that, as previously shown, 35 the intensity of the Lu XMCD is greater at the L 2 than at the L 3 edge. 36 In addition, the experimental XMCD signals are weak due to the induced nature of the 5d magnetic moment. For these reasons we have mainly focused the discussion on the differences observed at the Lu L 2 edge.
In the case of the SFM compounds Lu͑Co 0.9 Al 0.1 ͒ 2 and ͑Y 0.4 Lu 0.6 ͒͑Co 0.88 Al 0.12 ͒ 2 the XMCD intensity does not vary on increasing the applied magnetic field ͑see Fig. 5͒ . On the contrary, it shows a linear variation with the field in the case of the WFM ͑Y 0.8 Lu 0.2 ͒͑Co 0.88 Al 0.12 ͒ 2 . These results point out that Lu bears a magnetic moment Lu in all the studied compounds. Moreover, they show that the behavior of the Lu XMCD signals, and thus of Lu , is different in the WFM and SFM systems. This is shown in Fig. 6 where the Lu L 2 XMCD signals for the investigated compounds are compared at low ͑3 T͒ and high ͑10 T͒ magnetic fields. The Lu magnetic moment appears to be saturated in both Lu͑Co 0.9 Al 0.1 ͒ 2 and ͑Y 0.4 Lu 0.6 ͒͑Co 0.88 Al 0.12 ͒ 2 compounds, which are considered to be strong ferromagnetic materials. By contrast, small XMCD signals are obtained at low magnetic fields for ͑Y 0.8 Lu 0.2 ͒͑Co 0.88 Al 0.12 ͒ 2 . However, as the applied magnetic field increases the XMCD intensity of ͑Y 0.4 Lu 0.6 ͒͑Co 0.88 Al 0.12 ͒ 2 approaches the values shown by the SFM materials. This result is in agreement with the existence of a WFM-to-SFM transition induced by the external field that is also inferred from the analysis of the Co K edge XMCD.
This can be clearly observed in Fig. 7 where the maximum of the L 2 XMCD intensity ͑E =0 eV͒ is plotted vs the applied magnetic field. The XMCD intensity remains nearly constant for the SFM compounds ͑Y 0.4 Lu 0.6 ͒͑Co 0.88 Al 0.12 ͒ 2 and Lu͑Co 0.9 Al 0.1 ͒ 2 , while it markedly increases ͑ϳ150% ͒ with the field for the WFM compound. This behavior is in agreement with that obtained at the Co K edge, showing a relative ϳ10% and 150% increase for the SFM and WFM compounds, respectively. It is interesting to note that in the case of compounds without Lu, such as Y͑Co 0.85 Al 0.15 ͒ 2 , the increase of the magnetization per Co atom is only 73%. This result suggests that, even though the Lu moment is induced by the Co one, its presence feeds the enhancement of the Co one by reinforcing the strong ferromagnetic character of the system.
Finally, aiming to get a relationship between Lu and Co we have performed a sum-rule analysis of the XMCD spectra. These sum rules have been derived by connecting the integrated XMCD spectra at the L 2,3 edges of Lu with the ground-state expectation value of both ͗L z ͘ and ͗S z ͘ of the 5d states: 24, 25 
where A L 3 and A L 2 are the integrals over the dichroic signal at the L 3 and L 2 edges, respectively. n h is the number of holes in the Lu 5d band and is the unpolarized L 2,3 edge cross section after subtraction of a double step function that ideally models the contribution of the continuum states ͑see Fig. 8͒ . No normalization to the absorption jump has been done either in the L 3 or the L 2 edge spectra in order to preserve the direct applicability of the sum rules. This analysis has been performed under the following assumptions: ͑i͒ is approximated by 3 2 ͑ + + − ͒; ͑ii͒ ͗T z ͘ is assumed to be negligible in the spin sum rule; ͑iii͒ estimates of both the orbital ͗L z ͘ and spin ͗S z ͘ moments have been derived by considering n h =9. These approximations can be rather crude in order to get a correct estimate of the magnetic moment. Even though the absolute value of the 5d Lu magnetic moment derived from the XMCD spectra has to be considered with some caution, the trend of its modification, obtained by using the same parameters, through the whole series of compounds studied is not seriously affected.
The values of both the orbital and spin moments of the Lu 5d states are summarized in Table II . For the sake of comparison the data of LuFe 2 are also shown. In all the cases the induced moment at the Lu sites is of opposite sign to that of Co, in agreement with band-structure calculations. 11, 37, 38 In the case of LuFe 2 , theoretical calculations by Yamada and Shimizu have predicted a 5d Lu moment of −0.33 B , 37 while calculations by Brooks et al. yield a −0.41 B moment at the Lu sites of which −0.27 B is of partial 5d character. 38 The existence of an ordered moment at the lutetium sites was early confirmed 39 by XMCD although no estimates of its value were reported. For this compound, our data yield Lu ϳ 0.13 B , a value significantly smaller than that theoretically predicted. The different magnitude of the Lu moment estimates derived from the XMCD and band calculations is probably due to the strong approximations included in the sum-rule analysis and to the fact that band calculations are reserved for ideal systems. Notwithstanding the different magnitude, both band calculations and XMCD data yield the same coupling scheme for the 3d magnetic moment of Co and the Lu 5d one. Indeed, similar ferrimagnetic coupling is found between the Co and Lu moments in the studied Lu͑Co 0. 4 These results have been tentatively attributed to differences of the d states in both Y and Lu compounds. 41 However, no theoretical computation confirms this fact and, consequently, its detailed explanation is lacking to date. The XMCD results indicate that the highest T C occurs for those compounds showing an enhanced Lu moment, while Lu is strongly reduced in those compounds showing low T C . As discussed above, no clear relation exists among volume effects, differences of the d states in both Y and Lu compounds, and the high magnetic ordering temperature exhibited by the Lu-rich compounds. The results presented here point out that the developing of an ordered moment at the Lu sites is critical in favoring ferromagnetism through the reinforcement of the magnetic interactions in the system. Further work is needed to determine the role, if present, of an induced moment at the Y sites.
IV. SUMMARY AND CONCLUSIONS
The peculiar magnetic behavior of the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 systems has been studied by means of x-ray absorption spectroscopy and x-ray magnetic circular dichroism techniques.
The Co K edge XMCD spectra of all the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 compounds studied is similar, independently of the magnetic character of the systems ͑WFM vs SFM͒, and markedly different from that of hcp Co. Even though the XMCD spectral shape is retained, its intensity reflects the different magnetic character of the systems and monitors the WFM-SFM transition. In particular, the Co magnetic moment seems saturated in ͑Y 0.4 Lu 0.6 ͒͑Co 0.88 Al 0.12 ͒ 2 while in the case of the low-Lucontent ͑Y 0.8 Lu 0.2 ͒͑Co 0.88 Al 0.12 ͒ 2 compound it evolves from the Y-rich WFM toward the SFM state as the applied magnetic field increases.
The XMCD at the Lu L 2,3 edges indicates the existence of an ordered 5d moment at the lutetium sites, ferrimagnetically coupled to the Co moment. Estimates of the Lu magnetic moment have been obtained by applying the XMCD sum rules. As in the case of the Co edge, the behavior of the Lu XMCD signals is clearly different in the WFM and SFM systems. For SFM compounds Lu ϳ 0.06 B seems to be saturated. By contrast, Lu increases from ϳ0.01 B to ϳ0.04 B as the applied magnetic field is increased. Present results indicate that the highest T C occurs for those compounds showing an enhanced Lu moment, while Lu is strongly reduced in those compounds showing low T C . These results suggest that the existence of a Lu moment is critical in favoring ferromagnetism through the reinforcement of the magnetic interactions in the system.
To date, the peculiar magnetic behavior of the ͑Y y Lu 1−y ͒͑Co 1−x Al x ͒ 2 systems has been attributed to the modification of the DOS induced by Al, by qualitatively considering volume effects, a rigid band mechanism, or the change of the DOS shape due to the hybridization between the Co͑3d͒ and Al͑3p͒ states. By contrast, little attention has been given to the role played by both Y and Lu in contributing to the magnetic behavior. The present results show the different electronic impact of Al in the Y and Lu compounds; the induction of a 5d magnetic moment at the Lu sites and the way in which it varies through the WFM-SFM transition and as a function of different external parameters. This suggests the need of explicitly including both the Co͑3d͒-Y͑4d͒ and Co͑3d͒-Lu͑5d͒ hybridization in the theoretical description of the magnetic properties of these compounds. We think that these results can stimulate further theoretical work in order to get a proper understanding of these itinerant magnetic systems.
